14. In general, the soybean bacteria showed rather weak fermentative powers, and this was also true of the strain of red clover bacteria tested. Some strains of the alfalfa bacteria and the pea bacteria showed rather strong fermentative powers.
15. There are some indications that the fermentation tests might be of value in characterizing and differentiating crossinoculation groups of legume bacteria.
16. The physiological characters of Bacilltts mdiobactc1', so far as they were tested, are not sufficiently different from those of the legume bacteria to permit their separation by these tests.
CONCLUSIONS
1. The agglutination properties of the legume bacteria hold promise of being of service in characterizing and differentiating members of different cross-inoculation groups.
2. As a means of differentiating species within the genus Rhizobium the gelatin liquefaction test is of little value.
3. The fermentative characters of the legume bacteria hold some promise as a valuable diagnostic test in the differentiation of cross-inoculation groups but before a definite conclusion can be drawn many strains from each cross-inoculation group must be tested and the results interpreted on a statistical basis.
.
Physiological Studies on the Nitrogen Fixing Bacteria of the Genus Rhizobium
By RUDGER H. W ALKER*
The nitrogen-fixing bacteria of the genus Rhizobium have been divided into a number of groups on the basis of their ability to inoculate certain leguminous plants. Altho cultures of organisms from these various groups appear similar when studied by the usual laboratory methods, the organisms have been found to be specific with lespect to their inoculating power. It seems pro hable, therefore, that fundamental differences between the bactf'ria in the val'ious groups must exist, but these differ- ences have not yet been demonstrated. Whether the variations occur in the chemical composition of the organisms themselves or in the cell sap of the plants they attack, or whether some other physico-chemical factors are involved is an interesting question.
From the scientific as well as from the practical standpoint it would be desirable to devise a test which would show the inoculation groups to which the organisms of this genus belong and thus show differences in their inoculating ability. At the present time the only method available for this purpose is an actual inoculation test. This is a time-consuming process and some quick laboratory test is needed to insure the use of cultures of . the proper organism for the inoculation of any legume. Such a test would also be of distinct scientific value as an aid in the characterization of species or varieties in this genus.
Altho the important character of inoculating ability is quite definite for the legume organisms it has not been considered a satisfactory basis upon which to differentiate species. Systematic bacteriologists have not recognized the organisms in the various inoculation groups as separate species within the genus chiefly because of the fact that the inoculating ability of the organisms has not been correlated with the other tests used in characterizing bacteria. It has been felt, however, by many who have worked with these organisms that the inoculation groups constitute natural groups and that the organisms in each should be recognized as separate species.
-The author wishes to express his appreciation of the inspiration and guidance given by Dr. P. E. Brown thruout the progress of this work and also for suggestions regarding the manuscript. He is also indebted to Dr. L. W. Erdman for suggesting the problem and for aid in the work and to Dean R. E. Buchanan and Dr. Max Levine for their interest in the problem and for the suggestions offered.
In view of the lack of definite information regarding the grouping of the legume bacteria and in the absence of an accurate basis for such a grouping, it was deemed advisable to make a detailed study of certain physiological characteristics of representatiyes of the genus Rhizobin1n to determine whether or not such characteristics would be of value in differentiating the members of the various cross-inoculation groups.
HISTORICAL
While W oronin (52 ) had noted the presence of infection threads in some nodules and not in others and Frank (11 ) had found certain differences between the organisms from Lathyrus and Lupinus, Schroeter (39 ) first differentiated the legume bacteria into more than one species, separating the lnpini from the legtt1ninosant1n of Frank.
Beijerinck (3 ) separated the organisms into two groups including eight varieties of the one species which he incorrectly called radicicola. This grouping was based principally on the types of nodules formed and the cultural characteristics of the organisms and, while it was erroneous in many respects, it represented a step forward in the classification of these organisms.
Later, Schneider (38) suggested a classification of the organisms into six groups. Kirschner (19 ) concluded that the soybean bacteria were different from those inoculating other leguminous plants and proposed the specific name japonictt1n for them. This differentiation was based primarily on inoculating ability.
Massen and Miiller (30 ) attempted to classify the legume bacteria on the basis of morphological and cultural differences. The groups they proposed seem to fit in very well with later groupings which have been made on the basis of inoculation ability.
CLASSIFICATION ON THE BASIS OF CROSS-INOCULATION
Probably the first definite grouping of the legume bacteria on the basis of their ability to inoculate plants was that proposed by Simon (42 ) . He carried on cross-inoculation experiments with the bacteria from 34 different species of legumes, representing 7 of the principal divisions of the family Leguminosae. He found that the legume bacteria arranged themselves into five rather definite cross-inoculation groups. The organisms from a number of plants would not cross inoculate with any other plants, thus making 10 additional individual groups. Garman and Didlake (15 ) carried out a large number of cross-inoculation tests and concluded that the legume bacteria could be divided into six different groups. Bacteria from the following species of legumes have also been studied in cross-inoculation experiments and so far as tested they were found to be incapable of cross-inoculating with other legumes. Group 
8.
Glycine hispida Group 9.
Dalea alopeC1troides
Group 10.
Amphicarpa monoica
Group II.
Onobrychis sativa

Group 12.
Amorpha canescens Group 
13.
Strophostyles helvola Group 14.
Grotolaria j1tnCea
Group 15.
Dolichos multiflorus
Group 16.
Ulex europaeus Group 
17.
Laburnum vulgare Group 18 .
Robinia pseudoacacia
The tests ,on the latter groups have not been complete and they should not be considered as definitely constituting separate groups until further experiments with them have been made.
CLASSIFICATION ON THE BASIS OF SEROLOGICAL REACTIONS
The phenomenon of agglutination, while it had been noted by earlier observers, and has been used extensively in differentiating bacterial species, was not applied to the differentiation of the legume bacteria until 1911. Zipfel (54) inoculated rabbits with a suspension of pea bacteria and also with a suspension of finely ground pea nodules. Sera thus obtained agglutinated organisms isolated from pea nodules and from nodules of Phaseoltts vulgaris but did not agglutinate organisms of Vicia faba and Trifolium pmtense. He concluded from these results that the nodule bacteria were not varieties of one and the same species but were separate species sharply differentiated from one another.
Klimmer and Kruger (20) made agglutination, complement fixation and precipitin tests with bacteria from 18 species, representing 14 genera of legumes. From the results secured in those reactions they came to the same conclusion as did Zipfel and differentiated nine groups of organisms as constituting separate and distinct species.
Independently, and at the same time, Simon (42) studied the agglutination rc:actions of legume bacteria from 34 species of legumes. He obtained practically the same results as did Klimmer and Kruger. He concluded, however, that the various groups did not constitute different species but were "more or less constant adaptation forms of the species Bacte1'ium mdicicola. "
More recent work by Vogel and Zipfel (48) further confirms the results of the previous investigators on this problem. By using the agglutination and precipitin tests they were able to differentiate the six species of legume bacteria.
In order to test further the value of the serological reactions as a means of differentiating species among the legume bacteria, Stevens (45) (46), Wright (53) and Fred, Whiting and Hastings (14) studied a large number of strains of bacteria from single cross-inoculation groups. They found that cross-agglutination did not take place between all the members of a group. Their results enabled them to set up distinct serological groups within cross-inoculation groups. They concluded that, because of its high specificity, the agglutination test is of value chiefly as a means of separating strains within a natural group.
CLASSIFICATION ON THE BASIS OF MORPHOLOGY
Several investigators have attempted to classify the legume bacteria on the basis of morphology, studying chiefly the flagellation.
Moore (33) and Harrison and Barlow (16) found a single polar flagellum, while de Rossi (37), Zipfel (54), Kellerman (18) and Prucha (35) reported that the organisms were peritrichously flagellated.
Burrill and Hansen (8) found that organisms of soybeans, cowpeas and a number of others of the cowpea group had a single polar flagellum. Wright (53) also found that the soybean organisms had a single polar flagellum. Lohnis and Hansen (29) observed that organisms showing a peritrichic arrangement of flagella were isolated from clover, sweet clover, alfalfa, vetch. pea, navy bean, lupine, black locust, Amorpha and Strophostyles; while those showing single polar flagellation were isolated from cowpea, soybean, peanut, beggarweed, Acacia, Genista and Cassia. The plants in the last named group all belong to a single cross-inoculation group with the exception of the soybean. Leonard's work (24) has shown that the soybean should also belong to this latter cross-inoculation group and Sears and Carroll (40) have shown that the cowpea and soybean organisms would cross-inoculate.
Shunk (41) studied the flagellation of the organisms from 41 species of legumes and showed that organisms from 15 genera of legumes were of the single flagellum type, while those from 8 genera were of the peritrichic type. A direct correlation between flagellation and cross-inoculation was also found.
CLASSIFICATION ON THE BASIS OF PHYSIOLOGY
Except for their ability to inoculate plants, the physiology of the legume bacteria has not been studied to any great extent. They have been considered rather inactive physiologically when viewed in terms of laboratory tests in use. (34) , however, indicated that some strains have that power. Whether the possession by some strains of this ability is correlated with inoculation ability or other morphological or physiological differences has not been shown.
GROWTH IN MILK
After legume organisms had grown in milk for six to eight days, Zipfel (54) found the milk was coagulated, leaving a completely clear serum zone above the coagulum. According to the results of L6hnis and Hansen (29) , however, not all legume organisms are capable of producing a clear serum zone in milk cultures. They found that the organisms of the soybean and cowpea groups were the only ones capable of bringing about this reaction, and that the same organisms showed single polar flagellation. This reaction was proposed by them as of distinct diagnostic value because of its direct correlation with morphology and ability to inoculate plants of the soybean and cowpea groups.
FERMENTATION OF CARBOHYDRATES
Zipfel (54) observed that the legume organisms were capable of reddening a legume-extract sugar medium containing litmus, when either glucose or lactose was used.
Fred (12) found that small amounts of acid were formed in both nitrogenous and non-nitrogenous liquid media from sucrose, maltose and mannitol. The amount of acid produced was largely dependent on the medium used and was gre:lter in the medium containing nitrogen.
In a later study of 25 cultures Fred and Davenport (13) reported that the growth of legume bacteria may change the reaction as much as 0.4 of a pH in a non-nitrogenous sucrose liquid medium.
Bialosuknia and Klott (5) and Bialosuknia (4 ) reported that there is a considerable variation in the degree of acidity formed oy the different groups of the nodule bacteria and state that they believe it possible to classify these bacteria into groups by means of this character. Stevens (46) measured the change in reaction produced by eight strains of the alfalfa group of organisms when grown in Buchanan's peptone-sucrose solution with different initial reactions ranging from pH 4.0 to pH 9.0. He found that in every case where there was appreciable growth both the titratable acidity and the hydrogen-ion concentration were increased. In all cases the greatest change was in media having an initial reaction on the alkaline side or at neutrality. On the basis of behavior towards acidity he separated the eight strains into two groups.
Wright (53) found that the soybean bacteria in Buchanan's solution brought about an actual reduction of the total acidity in practically every case. Likewise, all the strains used had a tendency to make milk strongly alkaline after two weeks time.
In a later paper Stevens (47) reports the changes produced by organisms of a number of the cr0ss-inoculation groups when grown in litmus milk. The alfalfa and sweet clover organisms were the only ones that showed an acid reaction; while the pea, vetch, clover, bean, lupine, cowpea, lima bean and soybean organisms produced alkaline reactions. Two physiological groups were separated on this basis. He also found differences in the change of reaction among organisms of a single cross-inoculation group.
Since the completion of the experimental work reported in this bulletin Baldwin and Fred (2) have published an article on the fermentative characters of the root nodule bacteria. They studied eo cultures, representing seven of the cross-inoculation groups.
The studies were made in agar media with and without the presence of nitrogen and containing brom-thymol-blue as an indicator of the changes in reaction. Upon this character they were able to divide the root nodule bacteria into two broad grouIfS; the acid producers, including the alfalfa, clover, pea, bean, and dalea bacteria; and those which lower the hydrogen-ion concentration of the media, including the soybean and cowpea bacteria. This separation corresponds to that made on the basis of flagellation. The members of the first group are peritrichous whereas those of the second group have polar flagella.
EXPERIMENTAL
The purpose of this work was to study a number of strains of the legume bacteria from the standpoint of their ability to crossagglutinate, liquefy gelatin and ferment various carbon compounds, chiefly carbohydrates, and to determine whether or not these characters might be of value as evidence in support of separations of these organisms corresponding to the cross-inoculation groups.
Organisms isolated from nodules on alfalfa, sweet clover, red clover, Canada field pea, dalea and soybean roots were used. They are listed below with the numbers by which they were known thruout the experimental work.· Since Bacillus radiobacter has been found to be closely associated with Rhizobium in many instances and is often a contaminant of cultures, it seemed advisable to include this organism in some of these tests.·
The purity of the legume organisms was determined in inoculation experiments and by growth in milk and on potato. Both stock and experimental cultures were kept separate thruout the experimental work and were grown on a medium having the following composition: The reaction of this medium was adjusted to pH 6.8 by thf' colorimetric method as adapted to bacteriological work by Medalia (31).
The method followed in preparing the yeast water was essentially that proposed by Ayers and Hupp (1). Dry fresh yeast was heated at 105°C. for four or five hours just previous to using. A 1 percent extract was then prepared by mixing the yeast with cold distilled water. After this extract was allowed to stand for 10 minutes it was steamed in an Arnold sterilizer for 30 minutes. It was then filtered thru a Buchner funnel and the reaction adjusted to pH 7.7. It was then steamed again for 30 minutes, filtered, the reaction adjusted to pH 6.8 and sterilized in the autoclave. By this procedure a clear extract was obtained. In preparing the antigen for inoculation purposes 4 agar tubes of each culture were washed with 3 cc. of physiological salt solution, making a total of 12 cc. for each culture. The suspensions were then shaken until they were uniform. The liquid suspensions were then drawn off with a capillary pipette in order to avoid securing any of the larger clumps or pieces of slime and transferred to sterile vaccine vials.
I. AGGLUTINA.TION STUDIES
METHODS
Rabbits were inoculated in the intraperitoneal cavity with the organisms in the bacterial suspensions. One-half cc. of bacterial suspension was used for the first inoculation. For subsequent inoculations one-half cc. was used on the third day, three-fourths cc. on the eleventh, one cc. on the sixteenth, and one and onefourth cc. on the twenty-first. The animals were bled 10 days after the last inoculation. They were anaesthetized with ether, and the blood was drawn directly from the heart by means of a large 55 cc. syringe. By this method 30 to 40 cc. of blood were obtained. The blood was placed in vaccine bottles and kept in the refrigerator over night. The clear serum was then drawn off with a capillary pipette and centrifuged until perfectly clear. One-tenth cc. of 5 percent phenol for each cc. of serum was added for preservative, and the serum was kept in the refrigerator.
The bacterial emulsions or antigens for making the agglutination tests were prepared essentially the same as the antigen used for inoculating the animal. Young cultures were used each time in the preparation of antigen for a particular test.
TEe method followed in preparing the dilutions of sera were those proposed by Kolmer (22 ) . To a series of 10 tubes 1 cc. of sterile distilled water was added; then to the first tube 0.2 cc. of serum and 0.8 cc. of water was added and thoroly mixed. One cc. from tube 1 was then placed in tube 2, thoroly mixed, and 1 cc. then taken from tube 2 and placed in tube 3, etc. To each tube was then added 1 cc. of the bacterial emulsion. In this way the final dilutions were 1 to 20, 40, 80, 160, 1280, 2560, and 5120. No serum was placed in the tenth tube, this serving as a control against the salt and organisms. Tests were also made with the organisms against normal rabbit serum as a control. The tubes were allowed to incubate for three or four days before the final reading was recorded.
RESULTS
The results of the agglutination reactions with these organisms did not show up as plainly as is often the case with other organisms, such as those belonging to the colon-typhoid group. This is undoubtedly due to the capsules and large amount of slime produced by them. By close observation, however, the results were shown to be definite, and accurate readings could be made.
In order that the results of the tests with both homologous and heterologous sera may be shown clearly they are presented in table form in table 1. These data show that agglutination took place in all homologous tests; i.e. alfalfa organisms 102 were . agglutinated by alfalfa serum 102. Likewise, soybean organisms 401 were agglutinated by soybean serum 401, and sweet clover organisms 113 were agglutinated by sweet clover serum 113. The same was true of the other organisms in the homologous tests.
By the expression, alfalfa serum 102, etc., is meant here the immune serum produced against that particular organism. For purposes of clearness the words alfalfa, soybean, etc. are used to designate the plant from which the organisms were originally isolated.
In the heterologous tests agglutination took place when certain combinations of serum and organisms were used but not in the case of other combinations. An example of this is shown in the case where the alfalfa organisms 101 were agglutinated by alfalfa serum 102 and by sweet clover serum 113 but were not agglutinated by soybean serum 402. This is also shown in the case of soybean organisms 401, which were agglutinated by soybean serum 402 but were not agglutinated by alfalfa serum 101, pea serum 301 or sweet clover serum 113. Likewise, sweet clover organisms 113 were agglutinated by alfalfa sera 101 and 102 but not by soybean serum 401. The pea organisms were not agglutinated in any of the heterologous tests. Soybean organisms 403 were agglutinated by the soybean sera 401 and 402 but not by alfalfa serum 101 nor sweet clover serum 113. Neither the red clover organisms 201 nor the dale a organisms 701 were agglutinated in any of the tests. Homologous tests were not made on these organisms because the rabbits with which they were inoculated died after the first injection and no immune serum was obtained.
It is realized that these results are in no sense complete and that far-reaching conclusions should not be drawn from them. They do furnish strong evidence, however, of a direct correlation between the groups of legume bacteria when they are classed according to their ability to cross-inoculate, and when they are grouped according to their serological reactions in cross-agglutination.
Members of the same cross-inoculation group showed crossagglutination in all tests made, while in no case did cross-agglutination occur between members of different cross-inoculation groups.
These results indicate, therefore, that this test may be of distinct value in the study of the organisms of the genus Rhizobium.
II. GELL1'1'IN LIQUEFACTION STUDIES
The liquefaction of gelatin has been generally recognized and employed as a fundamental criterion for the differentiation of bacterial species. The legume organisms have been tested for their ability in this respect with negative results in most cases but with a few positive results. Since the methods used in observing this property were crude and unreliable and of a qualitative nature only, it was assumed that there might be found some differences among the various groups of legume organisms in their ability to liquefy gelatin if they could be studied by sufficiently accurate and delicate methods.
METHODS
The method used in previous work was the inoculation of a tube of nutrient gelatin by stabbing and incubation below the gelation point of the gelatin. Comparisons were made with controls to detect liquefaction. These tests were made in media containing from 10 to 15 percent gelatin. If the organisms under study possessed weak liquefying powers it is possible that, altho they could transform some of the gelatin from the gel to the sol stage, the change wocud not be sufficient to be observed by the eye. Another objection to this method is that in order to keep the gelatin below the liquefying temperature it must be kept at about 20°C. This temperature is too low for the best growth and t;ctivity of the legume bacteria.
The method adopted for this study was that proposed by Levine and his co-workers (25) , (26) . The bacteria were grown in a 2 percent gelatin solution and liquefaction was determined by the changes in vi1';cosity of the medium. Because of the low percentage of gelatin the medium remained in the fluid state and incubation at the optimum growth temperature for the organisms was permissible without affecting the results. The changes in viscosity were measured by means of an Ostwald viscosimeter, which made it possible to detect small amounts of liquefaction.
In making the measurements the gelatin medium was first heated to 50°C. for 10 minutes, then allowed to cool to 40°C., at which temperature the final readings were taken. While the readings were being taken the viscosimeter was immersed in a thermostat in order that control of the temperature might be secured. The temperature of the water in the thermostat did not vary more than one degree on either side of 40°C. The time in seconds for the discharge of a given volume of solution thru the viscosimeter was obtained with the aid of a stop watch and reading glass. Similar readings were made for distilled water, the results of which were taken as unity. In this way the actual viscosity of the solutions was not measured, but the time of discharge was compared with that for water and the results expressed as a ratio.
The medium used, with the exception of the amount of gelatin, was that proposed by the Committee on Bacteriological Technic of the Society of American Bacteriologists (43). It had the following composition: The reaction was adjusted to pH 6.8.
RESULTS
In the preliminary tests, in which the old method of stabbing into 12 percent gelatin was used, indications were obtained that some of the organisms under study possessed the ability to liquefy gelatin. The use of the viscosity method for this study was then taken up in order that the measurements might be made on a quantitative basis.
In a preliminary trial of this method two cultures of alfalfa organisms, 102 and 103, and three cultures of soybean organisms, 401, 402 and 403, were studied. A loopful of the organisms from vigorously growing young agar cultures was transferred to test tubes containing about 8 cc. of the gelatin medium. They The results show that there was considerable variability among the legume organisms with respect to their ability to change the viscosity of gelatin solutions. Alfalfa organisms 102 seemed to be the most active in this respect, alfalfa 103 the least active and the soybean organisms intermediate. But the question that still remained to be answered was: to what extent must the ratio of gelatin to water be altered before the gelatin is considered to be liquefied. From the results obtained, as shown in table II, it was not known whether or not any of the organisms had liquefied the gelatin.
In order that this phase of the problem might be solved another experiment was begun. To get an idea of what the ratio of gelatin to water would be when the gelatin was liquefied, a culture of B. subtilis was grown to represent slow liquefaction and one of Flavobacter'ium suaveolans to represent rapid liquefaction. These organisms were obtained thru the courtesy of Dr. Max Levine. Fl. suaveolans was first isolated from creamery wastes by Soppeland (44) and described by her as being a rapid liquefier. Further work by Levine and Soppeland (27) showed this organism to be a particularly rapid gelatin liquefier. For this reason it was used in this work to represent rapid and complete liquefaction.
Six tubes of the gelatin medium were inoculated with each of the legume organisms studied, three of which were read after a period of three weeks incubation, the other three being left for six weeks incubation. The organisms used were principally of the alfalfa group with the exception of one dale a, one pea, one red clover and one radiobacter organism. In other respects this test was carried out as described in the previous test.
Inasmuch as it was impossible to make all of the viscosity measurements in one day the organisms were divided into two groups, one group being inoculated two days later than the first group. The results on these two groups will be presented separately because of the fact that the gelatin upon which the tests were made was not exactly the same but as nearly so as possible. In order to make the time ratios strictly comparable each series must be compared with its own control. The results secured after the three weeks incubation period are presented in tables III and IV. These tests were made in triplicate and the figures under the heading "Time of flow in seconds" represent the average of five readings made on each of three tubes.
From the data obtained by the use of B. sttbtilis and Fl. suaveolans in this experiment it is shown that a ratio of gelatin to water as low as 1.16 represents rather complete liquefaction. Inasmuch as Fl. s1wveolans is a more rapid liquefier than B. subtilis it might be expected that the ratio would be higher for this organism. However, it is believed that the incubation period was sufficiently long under the conditions of the experiment to allow for complete liquefaction even by the slow liquefier. Such being the case it would likewise be expected that if any of the legume organisms were capable of liquefying the gelatin, even at a slow rate, it would be distinctly shown by the end of three weeks.
The data show that only one of the organisms studied gave a ratio appreciably lower than the gelatin check. That was alfalfa organism 102. The time required for the discharge thru the viscosimeter of the medium after this organism had grown in it was '35.6 seconds while that for the gelatin check was 61.3 seconds. This gave a ratio of 1.11 for the organism and 1.92 for the check. ,When compared with the ratio obtained for organisms that are known to possess the ability to liquefy gelatin it is safe to conclude that this organism liquefied the gelatin. All but one of the other organisms studied gave a ratio higher than the check. The ratio for this one was 1.87 as compared with the ratio of 1.92 for the control tube. This difference was not significant.
These data show, then, that of the group of organisms studied alfalfa 102 was the only one capable of liquefying the gelatin.
In tables V and VI are presented the results secured after six weeks incubation of the same organisms. These tests were made in triplicate and the figures under the heading "Time of flow in seconds " represent the average of five readings made on each of three tubes.
These results show the same general relationships as were found after the three weeks incubation period. Alfalfa organisms 102 had liquefied the gelatin to the extent that a ratio of 1.08 was secured, while the check gave a ratio of 2.14. Most of the other organisms showed a ratio slightly under, but near, the check. One organism, alfalfa 101, gave a ratio slightly higher than the check. All the ratios, including those for the check, were higher than they had been at the end of three weeks. This was due possibly, to evaporation which lowered the percentage of water and slightly increased the viscosity in all tubes.
The peculiar thing about these results is the fact that one alfalfa organism liquefied the gelatine while none of the other cultures did. Inoculation tests were again made and these organisms were found to produce nodules on their host plant in every case. It was decided then that the results were due merely .The duplicate tubes for this organism did not agree very closely, one giving a ratio of 1.85 while the other gave a ratio of 1.47. to individual physiological differences, which were evidently not related to the ability to inoculate. Of just what significance this difference may be is not known. It is possible that there might be some relationship between this character and other physiological characters, such as efficiency in nitrogen fixation; general physiological characters ; or it might correspond to one of the serological groups established by Stevens (45) .
In order to investigate this question further a number of other organisms of the alfalfa group and also two strains of radiobactel' organisms were tested in the same manner for their ability to liquefy gelatin. This group of organisms was incubated for three weeks. The results are shown in table VII. The figures represent the average of the readings from closely agreeing duplicate tubes.
The results of this experiment indicate that these organisms vary slightly in their ability to alter the viscosity of gelatin, but it cannot be concluded that any of them liquefy the gelatin as did alfalfa 102 in the previous experiment. There might be some question regarding alfalfa 109 in this respect. The gelatin of one tube in which this organism had been grown gave a ratio of 1.85 while the other tube gave a ratio of 1.47. It could only be assumed that the gelatin of the second tube was at least partially liquefied. The results produced by this one organism may indicate that there is a great variability in ability to liquefy gelatin even for the same strain of organisms at different times. It is believed, tho, that too far-reaching conclusions should not be drawn from results of duplicate tests.
As a criterion in the differentiation of species within the genus Rhizobium little can be said in favor of the gelatin liquefaction test.
III. FERMENTATION STUDIES.
To study their ability to ferment carbon compounds 20 strains of legume bacteria including 3 radiobacter organisms were tested for their ability to change the reaction of media containing various carbon compounds both in the presence and in the absence of combined nitrogen.
METHODS USED IN FERMEN'fATION STUDIES IN SYNTHETIC NITROGEN-FREE MEDIA
In the preliminary work the method proposed by Conn and other members of the Committee on Bacteriological Technic of the Society of American Bacteriologists (9) was used. The organisms were inoculated both into the butt and on the slant of beef-extract peptone agar slants containing 0.5 percent .carbohydrate. Brom-cresol-purple was used in the medium to indicate changes in reaction. Tubes of liquid media of the same composition and containing the indicator were also used. Considerable variation was noted in the ability of the various organisms to change the reaction of the media. In general, however, they produced more acid from the monosaccharide sugars than from any of the other carbon compounds. Due to the narrow range of the indicator and to the difficulty of determining definitely the amount of acid or alkali produced, it was decided . to adopt another method that would give results on a quantitative basis.
The method then adopted was to grow the organisms in solution cultures without an indicator. At the end of the incubation period 5 cc. of the solution were remov:ed from the tube for the pH determination. At first this determination was made colorimetrically according to the method proposed by Medalia (31) . In some cases, however, the cultures became so turbid as to mask the color and prevent the exact determination .of the pH value. Also, the amount of solution available was not sufficient in some cases where it was necessary to test against more than one indicator before the propel' one was found. In view of these difficulties the electl'ometl'ic method was finally chosen for determining the pH values of the bacterial culture&. The quinhydl'one electrode, as adapted by Biilmann and his associates, (6) and (7), was used for this purpose.
The basic medium used in these studies had the following composition:
Nitrogen-free medium NaCI ___________________________________ 0. In order that the media in which the organisms were to be grown could have as nearly as possible the same composition, all of the basic solution was made up at one time, about 18 liters being required. The reaction was adjusted and the solution was divided into liter flasks in amounts that were required for each separate medium. The solutions were then sterilized in the autoclave at 15 pounds pressure for 20 minutes.
To separate .:flasks of the basic solution the following carbon compounds were added as sources of energy in sufficient amounts to make 0. 5 After the various carbon sources were completely dissolved the media were distributed into test tubes in amounts of about 10 cc. or more to each tube. The test tubes had been previously sterilized and the media were passed into them thru sterile funnels. These precautions were taken so that the media would be as nearly sterile as possible before the sugars and other carbon compounds 'Yere added, and so that they would not have to be heated at high temperatures for a long period of time, which would increase the danger of hydrolyzing the carbon compounds. The filled tuqes were sterilized in the autoclave at 10 pounds pressure for 12 minutes. As soon as they were removed from the autoclave they were immersed in cold water as a further precaution against hydrolyzing the sources of carbon. All media were incubated for a few days before inoculating in order to allow for the development of any organisms that might not have been killed in the sterilization process.
All the organisms studied were tested with a certain sugar or other carbon compound at the same time. Three tubes of each medium were inoculated with each organism. These were then incubated at about 27°C. The reaction of one tube of inoculated media was determined after 3 days, another after 10 days and the third after 21 days incubation.
The organisms studied were selected from those listed previously.
RESULTS SECURED IN THE FERMENTATION STUDIES IN SYNTHETIC NITROGEN·FREE MEDIA
The changes in reaction produced in the various sugar media in the absence of combined nitrogen are presented in tables VIII, r------.r-1I~I---I.--.-..--II.---...., .~II.------.I--------- IX and X. These figures show the actual pH of the medium at the end of the three incubation periods and also, for purposes of comparison, the pH of the uninoculated control solutions.
The changes in reaction produced by any of the organisms on the sugars were very slight during the first three days. The difference between the inoculated tubes and the control tubes increased somewhat during 10 days, and by the end of 21 days the changes were considerable in some cases. This point is illustrated in fig. 1 the growth of legume bacteria in dextrose nitrogen-free medium after 3, 10 and 21 days.
These graphs show that the organisms which produced acid in 3 days also produced acid after 10 and 21 days. The process of acid production appears to be continuous, to a certain point at least, because in almost every case where acid was produced at all in 3 days, more was produced in 10 days and still more in at the end of each period but are emphasized to a greater degree in these figures.
Several interesting points were brought out by these data. First of all, there were greater changes in the reaction of the media containing the pentoses and monosaccharide hexoses than in the media containing other sugars. The changes were not as great, however, in the case where the ketose sugar levulose was used as with the aldose hexoses, dextrose, galactose and mannose, from which large amounts of acid were produced by some of the organisms.
In the tests where disaccharides were used as a source of energy small amounts of acid were produced by some of the organisms and in general not so much acid was produced from these sugars by any 0"£ the organisms as from the monosaccharides. The medium containing sucrose, in particular, showed very slight changes in reaction when compared with the reaction of the control solution. More acid was produced from lactose than from maltose or sucrose, and more from maltose than from sucrose. None of the organisms changed the reaction to be significantly mOre alkaline than the control, as was the case when some of the monosaccharides were used.
In media containing trisaccharides as sources of energy still less acid was produced. In the melezitose medium very little change in the reaction was observed from that of the control solution, and in the raffinose medium instead of the change resulting in more acidity nearly all of the organisms produced a reaction more alkaline than the control solution.
In the media containing dulcitol, inositol and dextrin the changes produced were very slight in nearly every case.
The radiobacter organisms did not alter the reaction of any of the sugar media to any great extent, the greatest change produced by them being less than 0.5 pH with the exception of No.4 in the arabinose medium. It appears that they were capable of altering the reaction of the disaccharide media even more than the monosaccharide media. They did not produce significant amounts of acid from dextrin. When viewed in this way it is evident that the legume bacteria and the radiobacter organisms attack the various kinds of sugars in different ways and with entirely different results. In the utilization of the monosaccharide sugars for their growth energy, much acid is produced by many of them and there is quite a variation in the ability of the various organisms to produce acids. In the case of the other sugars, however, the results are different, smaller amounts of acid are produced and the differences in action of the various organisms in this direction are slight. If we take sucrose, for example, it must needs be assumed that while the organisms are securing their energy from the molecule it is not hydrolyzed into the two monosaccharides, dextrose and levulose. If the organisms did hydrolyze sucrose in this way then the monosaccharides, dextrose and levulose, would be present in the medium from which an acid reaction would be produced. In the case of the trisaccharides the same is true. If the raffinose had been hydrolyzed in one way the disaccharide sucrose and the monosaccharide galactose would have been split off. In turn an acid reaction would have resulted from the ' utilization of the galactose as was shown from the results sf('ured in the fermentation of galactose. If the melezitose had been hydrolyzed with the splitting off of the monosaccharides an acid reaction should have resulted. This was not the case, however, and it must therefore be assumed that the reaction of the legume bacteria in securing growth energy from the disaccharides and trisaccharides is not one of hydrolysis whereby the monosaccharide constituents are split off with their subsequent utilization. The same is true of the polysaccharide dextrin. Just how they attack the molecule in these cases to secure their energy is not known. It might be assumed that they utilize the whole molecule or that they attack only certain groups within it. Further investigational work on this phase of the' problem should prove interesting from the physiological point of view.
In order to judge from these data the possible value of the fermentation test in differentiating cross-inoculation groups, two points must be considered. First, the differences in reaction brought about by the organisms of different cross-inoculation groups; and second, the variations existing between individual strains within a single group. For convenience the latter point will be discussed first.
The results show that among the 12 strains of alfalfa and sweet clover organisms there was a wide variation in the amounts of acid or alkali produced from any of the sugars. In the dextrose medium, for example, organism 112 lowered the pH value only 0.02 pH, this being a smaller change than was produced by any of the other alfalfa organisms. On the other hand, alfalfa organism 115 lowered the reaction of this medium 2.19 pH, this being a greater change than was produced by any other organism in this medium. The other 10 organisms of this group changed the pH value by 0. 23 fig. 6 .
The graph shows that the changes in reaction produced by this group of organisms in dextrose solution might be arranged so as to fit into a straight line. This indicates that the ability to produce acid from dextrose by strains of the alfalfa group of organisms varies quite regularly between the points of practically no acid production to the greatest amount produced. It must necessarily be concluded from these data that the alfalfa bacteria cannot be considered as "strong" or "weak" acid producers in the dextrose medium; and, further, that definitely separated subgroups of "strong" or "weak" acid producers cannot be distinguished within the group of alfalfa bacteria.
Similar graphs have been made from the pH changes produced by these organisms in other sugar media. It is not necessary to present them here, but it is sufficient to say that they show the same general character as the graph made from the pH changes in the dextrose medium. A more or less regular variation in the pH changes was produced from the smallest to the largest change; and the same conclusions must be drawn from the data as were drawn from the data secured where de xtrose was used.
In considering the possible value of this test for diagnostic purposes these conclusions must be taken into account. Altho the alfalfa organisms produced acid from all of the sugars but raffinose, with only a f ew exceptions when slight amounts of alkali were formed, the amounts of acid produced varied all the way from practically none to the greatest amount produced by any organism on any sugar. If all the organisms in this group had changed the r eaction of the m edium only slightly they could have been characterized as weak acid producers. Or if they had all produced as much acid as some of the stronger acid producers they could have been characterized as strong acid producers. As it is, how eyer , the group as a whole cannot be definitely characterized in r egard to the ability of the organisms in it to produce acid in the media used, nor can the group be split into two or more subgroups of distinct characteristics in this respect.
Some rather inter esting points were brought out by the diffCl'ences in reaction produced by the organisms of different 399 cross-inoculation groups. The soybean organisms seemed to be different than all the others in this respect as was shown by their ability to make the medium more alkaline in most cases. Only in the rhamnose, galactose, sucrose and maltose media did they produce a reaction more acid than the control solutions. However, the changes produced by them were very sligh. t in all cases, the greatest being only 0.5 pH in the raffinose medium where all of the other organisms likewise made the medium more alkaline.
These data indicate that the soybean bacteria are characterized by rather weak fermentation powers. However too much must not be assumed, in regard to the soybean group of bacteria as a whole, from the data secured by the study of only two strains. It is a question whether the same wide range of variation in fermentation abilities would have been shown by the soybean organisms if several strains had been tested as was done in the case of the alfalfa organisms.
The reactions produced by the soybean organisms were in striking contrast to those brought about by the Canada field pea organisms. Altho but one strain of this group was used the re-::;ults show that it was a rather strong acid producer when compared with any of the others. It produced as much acid as most of the alfalfa organisms. According to these data it should be very easily distinguished from the soybean bacteria. Whether all organisms of the pea group would show this same character is questioned. It is probable that had a number of strains been tested the same wide range of variation would have been shown as in the case of the organisms of the alfalfa group.
The single strain of red clover organisms seemed to be rather weak in its fermel1tative powers but it did produce small amounts of acid on all the sugars except raffinose and melezitose and the polysaccharide dextrin. The changes in dextrin and melezitose were not significant and the change produced in the raffinose was only 0.3 pH. The greatest amount of acid produced by it was in the rhamnose medium in which it changed the reaction only 0.45 pH.
The changes in reaction brought about by the single strain of dalea organisms in the various sugar media were more or less variable. In the levulose, raffinose, inositol and dextrin media an alkaline reaction was produced, while in the others an acid reaction resulted from their growth. In only one case did this organism change the reaction of the medium appreciably and that was in the arabinose solution where the pH was reduced 1.74 pH. The results secured indicate that it might be differentiated from organisms of the other cross-inoculation groups by the reactions produced in the various media, but several strains would need to be tested before a general conclusion to this effect could be drawn.
The data secured in these tests, as a whole, indicate that several strains of organisms of each of the cross-inoculation groups should be studied on a statistical basis before general conclusions are reached as to the real value of the fermentation test in differentiating organisms belonging to different cross-inoculation groups. The following sugars were used as sources of energy in the basic medium: arabinose, dextrose, levulose and galactose. The same organisms that were used in the previous fermentation tests were tested in each medium, and in all other respects the methods followed were identical.
RESULTS SECURED IN FERMENTATION STUDIES IN MEDIA CONTAINING NITROGEN AS PEPTONE
The results secured by the growth of the organisms in media containing combined nitrogen in the form of peptone are presented in tables XI, XII and XIII, and are shown graphically in fig. 7 . These results are entirely different from those where the synthetic nitrogen-free media were used. In practically all cases the organisms produced an alkaline reaction in the medium instead of an acid reaction as was the case where no nitrogen was present. The change was more than 1.0 pH in many cases. The greatest change produced was in the arabinose medium by alfalfa organism 120, which increased the pH value by 1.58 pH. Some of the organisms changed the reaction but slightly and others were intermediate in this respect. In the arabinose, dextrose and galactose media there seemed to be the same wide variation among the strains of alfalfa organisms in ability to change the reaction as was shown in the previous tests. In the levulose medium, however, all the organisms in this group showed about equal ability in this respect. In all the media the soybean organisms showed rather weak fermentative powers and could readily be distinguished from all the other organisms in the levulose medium. The red clover organism was rather active in the production of alkali, but the pea organism did not change appreciably the reaction of any of the media, except levulose.
With the use of the levulose medium in fermentation tests, it is quite probable that the soybean organisms might be differentiated from those of other cross-inoculation groups. These data, however, do not indicate that other groups may be differentiated on the basis of their ability to change the reaction of the media used. Before a general statement is made, therefore, regarding the characterization of the soybean organisms in that respect, several strains of the various cross-inoculation groups should be tested on a statistical basis.
